The energies of substitution at 1/4 ML are given in Tables S6 and S7 . Again, no general trend is observed for the changes to smaller unit cells in either geometry, as the average difference between the 1/9 ML and 1/4 ML energetics is less than 0.01 eV. The activation energy barriers for adatom substitution at 1/4 ML are given in Tables S8-S10 . In this case, we observe an interesting difference in coverage effects between the fcc(111)/hcp(0001) surfaces and the fcc(100) surfaces.
The increased coverage from 1/9 ML to 1/4 ML caused a general increase in substitutional barrier for the fcc(100) surfaces: the magnitude of this change ranged from 0.0 eV to 0.5 eV, and averaged 0.2 eV. In contrast, the increased coverage on the fcc(111) and hcp(0001) surfaces led to a general decrease in activation energy barrier averaging -0.2 eV. Both these trends occur relatively uniformly for all bimetallic surfaces considered, rather than being dominated by one or two specific metal adatoms/host slabs.
We believe these seemingly contradictory behaviors arise from a combination of two factors, one which destabilizes the transition state and another which stabilizes it. First, we anticipate that increased adatom coverage should constrain the movement of underlying surface atoms, which is critical for enabling these substitution events. This effect should increase the activation energy barrier for substitution events. We find that this additional constraint is more pronounced on the (100) surfaces, since movement of surface atoms is much freer at low coverages on these open surfaces (due to both geometric effects as well as having eight-fold coordinated surface atoms) than on the close-packed (111)/(0001) surfaces (which have nine-fold coordinated surface atoms in a tight hexagonal surface arrangement). Our calculations support this assertion (as a representative example, distances in parentheses are given for Pd substitution into Pt): in general, surface atoms move by small amounts (~ 0.1 Å) to accommodate substitution in the (111)/(0001) surfaces within a 3x3 unit cell, and by slightly smaller amounts (~ 0.05 Å) in the 2x2 unit cell. In contrast, (100) surface atoms move much more (> 0.2 Å) in the 3x3 unit cell and by a substantially reduced amount (~ 0.1 Å) in the 2x2 unit cell. This suggests that increasing coverage should restrict movement more on the (100) facets and have a relatively large destabilizing effect on the substitution transition states relative to the same effects on the close-packed (111) surfaces.
In contrast to the destabilizing effect of reduced surface mobility, we also note a stabilizing effect of increased surface coverage by observing that metal adatoms are far below their preferred coordination number: those on (100) surfaces are bound to four atoms and those on (111)/(0001) surfaces are bound to three, both of which are substantially lower than the preferred bulk coordination of 12. Changing conditions from low to high surface coverage therefore puts more undercoordinated atoms in close proximity to the transition state for substitution. Since the transition state involves the movement of two particularly undercoordinated metal atoms (the adatom and the displaced surface atom) rather than just one undercoordinated adatom in the initial/final states, we believe that the transition state will be stabilized more by this high-coverage effect than either the initial or final states; this lowers the activation energy barrier. Further, we expect this stabilization effect should be larger on the (111)/(0001) surfaces than on the (100) surfaces since the adatoms are more undercoordinated on the close-packed facets and would therefore have stronger interactions with the transition state (in addition to proximity effects introduced by the smaller surface unit cell geometry in the close-packed hexagonal geometry relative to the more open (100) geometry). We observe a change in the preferred mechanism on the close-packed geometries, as this transition state stabilization substantially lowers the energy of asymmetric substitution (i.e. fcc-to-fcc or hcp-to-hcp substitution) and makes those mechanisms preferred to the symmetric substitution preferred in the lower coverage case in the 3x3 unit cell (Tables S1 and S8) . As a result, this stabilization effect dominates the close-packed surfaces (relative to the small destabilization from lost surface mobility) and leads to a net decrease in activation energy. The smaller stabilization effect on the (100) surfaces (relative to the large destabilization from lost surface mobility) leads to the net increase in substitution barrier. Table S12 : Calculated activation energy barriers for substitution of adatoms into fcc(111) and hcp(0001) surfaces, 2x2 unit cell. Four values are given for each substitution: the first letter denotes the original position of the adatom, and the second letter denotes the final position of the displaced surface atom. Sites are represented as: fcc (f), hcp (h). For example, an adatom in the fcc position displacing a surface atom to an hcp position would be denoted by "f-h". "X" denotes that an event was not found to occur. For each combination of host slab and adatom, the most favorable pathway (with the lowest transition state energy) is bolded. All values in eV. 
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